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ABSTRACT 

An  investigation  was  made  of  the  blast  loading  on  model  structures  in  the  regular  re¬ 
flection  region  and  in  the  region  where  the  height  of  the  Mach  stem  varies  from  less  than  the 
structure  height  to  several  times  the  structure  height.  The  three  structure  models  employed 
were  2x2  feet  in  cross  section,  with  lengths  of  2,  4,  and  18  feet.  They  were  subjected  to 
blast  waves  from  250-pound  charges  of  TNT  detonated  at  heights  of  38,  64,  and  90  feet  above 
the  surface.  When  scaled  to  nuclear  burst,  these  conditions  represent  a  7-story  building 
subjected  to  a  20-kt  burst.  They  therefore  constitute  a  situation  involving  multistory  struc¬ 
tures. 


Variations  from  two-dimensional  theory  for  predicting  the  pressure  loading  on  the  front 
surface  were  observed  for  small  zenith  angles  while  variation  on  the  top  surface  was  observed 
at  large  zenith  angles.  Shortening  of  the  positive-pressure  duration  on  the  front  surface  was 
found  to  occur  in  the  regular  reflection  and  low  Mach-stem  regions.  The  measured  times  of 
occurrence  for  maximum  average  pressure  on  the  rear  face  of  the  2-  x  2-  x  18-foot  target 
are  in  good  agreement  with  times  predicted. 
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CH  I  --  INTRODUCTION 


Objective 

Most  experimental  work  on  the  blast  loading  of  structures  has  been  done  in  the  region 
of  Mach  reflection.  It  has  usually  been  assumed  that  the  shock  front  which  strikes  a  target 
structure  consists  of  a  single  shock  front,  that  it  is  essentially  plane  in  the  region  of  the 
structure,  that  the  shock  front  approaches  the  target  as  a  vertical  front,  and  that  the  height 
of  the  Mach  stem  is  at  least  twice  the  height  of  the  target  structure.  These  conditions  exist 
for  low  heights  of  burst  throughout  the  regions  of  heavy,  moderate,  and  light  damage,  but 
only  throughout  the  region  of  light  damage  for  high  heights  of  burst.  There  is  reason  to 
suspect  that  most  structures  resist  blast  pressures  within  the  region  of  regular  reflection 
better  than  corresponding  pressure  levels  in  the  region  of  Mach  reflection.—^  Therefore,  a 
need  exists  for  detailed  knowledge  of  blast  loading  on  target  structures  within  the  region  of 
regular  reflection.  The  object  of  this  experiment  was  to  contribute  to  that  knowledge  and, 
in  addition,  learn  more  of  loading  in  the  region  where  the  height  of  the  Mach  stem  is  close 
to  the  height  of  the  structure. 

Armour  Research  Foundation  has  developed  a  method  of  predicting  blast  loading  on  the 

2  / 

various  surfaces  of  two-dimensional  solid  targets  in  the  region  of  regular  reflection—  and 

has  conducted  shock  tube  investigations  to  compare  results  obtained  by  the  prediction  method 

3/ 

with  the  average  pressure-time  pressure  loading  observed  on  various  target  surfaces.— 
Shock-tube  observations  were  limited  to  the  diffraction  phase  and  angles  of  incidence  (zenith 
angles)  of  20  and  45  degrees  with  an  incident  shock  strength  (^)  of  1. 33  were  studied.  The 
agreement  between  shock-tube  observations  and  predictions  was  satisfactory,  especially  for 
the  front  surface. 


Pirn 


+  P 

o 


p 

o 


10 


In  later  shock-tube  investigations  by  Armour  Research  Foundation-^  3-  and  4-story 
two-dimensional  models  were  studied  at  angles  of  incidence  with  the  shock  front  of  20  and  0 
degrees,  respectively.  The  target  models  used  in  this  test  series  were  hollow  blocks  with 
simulated  window  openings,  and  were  quite  different  from  the  models  used  in  the  test  reported 
here.  Therefore,  the  results  of  the  two  tests  cannot  be  compared. 

The  zenith  angle  (a)  is  defined  either  as  the  angle  between  the  path  of  the  incident  shock 
and  a  vertical  line  through  the  burst  point,  or  the  angle  between  the  ground  and  a  plane  tangent 
to  the  incident  shock  front. 


Scaling 

In  this  experiment,  spherical  TNT  charges  weighing  250  pounds  and  target  structures 
2  feet  high  were  used.  Scaled  to  sea  level,  these  are  equivalent  to  about  a  3-story  structure 
for  a  1-kt  weapon  or  a  7-story  building  for  a  20-kt  weapon.  No  means  were  available  for 
lifting  charges  larger  than  250  pounds  or  higher  than  100  feet,  and  the  type  of  instrumentation 
used  made  it  undesirable  to  use  a  smaller  structure.  It  would  have  been  more  satisfactory 
to  scale  to  a  1-  to  3-story  structure  for  a  weapon  of  20  kt  or  larger. 

5  / 

Hudson—  has  shown  that,  particularly  in  HE  diffraction  experiments,  the  positive  pres¬ 
sure  duration  on  the  front  wall  of  a  structure  can  be  less  than  that  of  the  incident  blast  wave. 
He  defines  this  shortening  in  terms  of  positive  phase  duration  on  the  front  of  a  structure  di¬ 
vided  by  positive  phase  duration  of  the  incident  wave  (t^/t^)  and  has  calculated  its  relation 
to  the  spatial  duration  (Ut^)  of  the  incident  wave  and  the  height  (h),  or  half-length  (L/2)  of  the 
structure.  Figure  1  shows  a  comparison  of  Hudson*s  calculations  with  experimental  Mach 
region  data.  While  the  calculations  assume  that  the  wave  strikes  normal  to  the  front  of  a  wall, 
the  effect  of  duration  shortening  is  not  expected  to  be  greater  for  a  structure  located  in  the 
region  of  regular  reflection  and  may  be  somewhat  less.  The  range  of  Ut  /h  for  these  experi¬ 
ments  is  also  given  in  Figure  1. 
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Figure  1.  Theoretical  and  experimental  duration  shortening  effects 


Table  la  shows,  for  the  heights  of  burst  and  zenith  angles  used,  the  preshot  predictions 
of  expected  peak  overpressures  and  positive -phase  durations  for  the  conditions  of  the  tests. 
These  expected  pressures  and  durations  were  predicted  froxn  raw  data  which,  when  subse-* 
quently  refined,  were  reported  in  WT-520~^  and  SC-3858(TR).  — ^  The  predictions  were  used 
in  this  experiment  to  determine  gauge  calibration  steps  and  recording  times.  Table  Ib  gives 
the  same  information  scaled  to  1  kt  at  sea  level.  Since  only  about  50  percent  of  the  total 
energy  in  a  nuclear  explosion  causes  blast,  in  scaling  it  has  been  assumed  that  l/2  kt  of  TNT 
is  equivalent  to  1  kt  of  nuclear  radiochemical  yield. 

To  make  the  experiment  more  realistic,  heights  of  burst  were  chosen  to  give  over¬ 
pressures  comparable  to  similar  full-scale  conditions.  Lower  heights  of  burst  were  not  used 
because  high  pressures  would  place  structures  in  the  region  of  "over-kill",  and  because  over¬ 
pressures  would  be  beyond  the  capacity  of  the  gauges  on  hand. 
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TABLE  I 


Scaling  250  Pounds  of  TNT  at  Coyote  Canyon  to  1  kt  at  Sea  Level 


(a) 

250  Pounds  at  an  Elevation  of  6000  Feet  Above  Sea  Level 


Zenith 

angle 

(deg) 

0 

15 

30 

45 

60 

67.  5 

75 

0 

15 

30 

45 

67.  5 

75 

HOB  (ft) 

Peak  overpressure  (psi) 

Positive  duration  (msec) 

38 

60 

54 

37 

22 

12 

6.  6 

3.  5 

8.3 

9.  5 

11.  4 

14.  6 

16 

18 

24 

64 

21 

16 

12 

8.  3 

4.  8 

3.  4 

1. 9 

12.  7 

14.  6 

16.  5 

18.  7 

20 

22.  5 

25 

90 

11.  5 

8.6 

6.5 

4.  8 

3 

2 

1 

19.  1 

20.  3 

21.  6 

23.  5 

24 

25 

26 
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CH  II  --  EXPERIMENTAL  PROCEDURE 


High- Explosive  Charges 

The  high-explosive  charges  were  solid  cast  TNT  spheres  20-1/4  inches  in  diameter 
with  a  nominal  weight  of  256  pounds.  With  the  exception  of  the  addition  of  an  automatic  hoist¬ 
ing  mechanism,  the  method  of  suspension  was  that  described  in  Reference  6. 

Gauge  and  Recording  System 

Variable -reluctance.  Bourdon-type,  air-pressure  gauges  manufactured  by  Wiancko 
Engineering  Company  were  used  as  end  instruments.  The  sensing  element  of  the  gauge  is  a 
flat,  twisted  Bourdon  tube,  0.  65  inch  long,  which  acts  in  torsion,  imparting  a  rotation  to  a 
vane  attached  to  the  sealed  end.  The  vane  forms  the  armature  of  a  variable-reluctance  sytem 
comprised  of  an  E-core  and  two  E-coils.  Mechanical  angular  displacement  of  the  armature 
changes  the  reluctance  of  the  magnetic  loops  of  the  E-core  and  results  in  the  modulation  of 
the  carrier  current  flowing  through  the  E-coils.  Variations  in  applied  pressure  are  thus 
translated  into  electrical  signals  which  are  amplified  and  recorded.  For  this  series  of  expe¬ 
riments,  the  gauge  was  repackaged—^  into  a  small  unit  to  simplify  the  locating  of  gauges  close 
to  each  other  and  to  isolate  the  vibration  of  the  metal  target  from  the  gauge  mechanically. 

The  recording  system  is  exactly  as  recorded  in  Appendix  A  of  Reference  4.  It  may  be 
briefly  described  as  follows:  a  20-kc  carrier  system  is  fed  to  the  gauge,  which  modulates 
the  carrier  to  the  degree  determined  by  the  impressed  air  pressure.  The  modulated  signal 
is  in  turn  rectified,  filtered  free  of  the  20-kc  carrier  signal,  and  fed  to  a  high-frequency 
string  galvanometer  in  a  standard  Consolidated  Engineering  Corporation  oscillographic  re¬ 
corder,  which  makes  a  permanent  pressure-time  record  on  photosensitive  film  or  paper. 

Target  Layout  and  Measurements 

The  layout  of  the  target  area  is  shown  in  Figures  2  and  3.  The  target  structures 
(2x2  feet  in  cross  section)  were  located  at  horizontal  distances  (D)  from  ground  zero  de¬ 
termined  by  two  principal  variables:  height  of  burst  (H)  and  zenith  angle  (a).  These  varia¬ 
bles  are  specified  for  each  shot  in  Table  II. 
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Figure  2.  Schematic  target  layout 
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In  experiments  of. the  effect  of  two-  and  three-dimensional  loading,  Hudson—'  found 
that  end  effects  are  insignificant  for  targets  located  normal  to  the  blast  and  in  the  Mach  re¬ 
flection  region.  In  zenith-angle  experiments,  target  structures  with  three  dimensions 
(2x2x2  feet,  2x2x4  feet,  and  2  x  2  x  18  feet)*  were  used  to  check  end  effects  in  the  region 
of  regular  reflection.  The  18-foot  target  was  selected  because  it  was  sufficiently  long  to 
assure  two-dimensionality  of  the  2-  x  2-foot  cross  section  (Figures  4  and  5).  Gauge  positions 
on  the  centerline  of  the  2-foot  and  4-foot  structures  are  shown  in  Figures  6,  7,  8,  and  9.  In 
addition,  the  4-foot  structures  had  a  series  of  gauges  located  4-1/2  inches  from  one  end  (ex¬ 
cept  Nos.  18,  19,  and  22,  on  which  the  distance  was  3-1/2  inches)  and  placed  as  shown  in 
Figure  8.  These  gauges  were  located  so  as  to  show  differences  in  loading  between  the  center- 
line  and  the  near  end  area  of  target  faces. 

The  incident  (free-field)  pressure  for  each  target  was  measured  by  three  gauges  in 
ground  baffles.  When  the  target  was  directly  beneath  the  charge,  these  gauges  were  located 
3  feet  in  front  of,  and  2  and  4  feet  in  back  of  the  target.  For  other  positions  of  the  target, 
the  gauges  were  located  at  the  same  ground  distance  as  the  front  of  the  target,  with  an  angular 
separation  to  prevent  arrival  of  reflections  from  the  target  at  the  nearest  ground  baffle  gauge 
before  the  end  of  the  positive  phase  of  the  incident  shock.  The  angles  of  separation  (^)  (see 
Figure  2)  of  the  ground  baffle  gauges  for  each  target  position  are  given  in  Table  II. 

Operation  Log 

Table  III  gives  pertinent  information  for  each  shot.  Occasionally,  the  conditions  under 
which  a  shot  was  fired  resulted  in  a  failure  of  some  portion  of  the  recording  system.  It  was 
necessary  to  repeat  such  shots.  (Repetitions  are  shown  in  Table  III  by  the  letter  R  following 
the  shot  number.  Second  repetitions  are  designated  RR. )  . 


*Since  the  cross  section  is  the  same  for  all  models,  they  will  be  referred  to  as  the  2-,  4-, 
and  18-foot  models  in  the  following  pages. 
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TABLE  II 


Major  Variables  for  Shots  in  the  Series 


Shot  No. 

Structure 

length 

Zenith 

angle 

Height 

H 

Ground  dist. 

D 

Ground  baffle 
separation  ang] 

(3)° 

1 

4 

0 

38 

0 

180 

2 

4 

0 

64 

0 

180 

3 

4 

15 

38 

10 

30 

4 

4 

15 

64 

17 

30 

5 

4 

30 

38 

22 

30 

6 

4 

30 

64 

37 

21 

7 

4 

45 

38 

38 

19 

8 

4 

45 

64 

64 

13 

9 

4 

60 

38 

66 

13 

10 

4 

67.  5 

38 

92 

10 

11 

4 

75 

38 

142 

8 

12 

18 

0 

64 

0 

180 

2 

30 

64 

37 

21 

13 

18 

0 

38 

0 

180 

2 

45 

38 

38 

19 

14 

18 

0 

90 

0 

180 

2 

30 

90 

52 

18 

15 

18 

15 

38 

10 

30 

2 

60 

38 

66 

13 

16 

18 

15 

64 

17 

30 

2 

45 

64 

64 

13 

17 

18 

30 

38 

22 

30 

2 

67.  5 

38 

92 

10 

18 

18 

30 

64 

37 

21 

2 

0 

64 

0 

180 

19 

18 

45 

38 

3.8 

19 

2 

75 

38 

142 

8 

20 

18 

30 

90 

52 

18 

2 

45 

90 

90 

11 

21 

18 

45 

64 

64 

13 

2 

15 

64 

17 

30 

22 

18 

60 

38 

66 

13 

2 

0 

38 

0 

30 

23 

18 

45 

90 

90 

11 

2 

0 

90 

0 

180 

24 

18 

67.  5 

38 

92 

10 

2 

15 

38 

10 

30 

25 

18 

75 

38 

142 

8 

2 

30 

38 

22 

30 

26 

18 

O 

O 

38 

80 

11 

27 

4 

15 

64 

17 

30 

18 

66°20' 

64 

146 

6 

22 


TABLE  III 


Operations  Log 


P 

Relative 

Wind 

o 

humidity 

Temperature 

velocity 

Weight 

Shot  No. 

Date  fired 

(Ibs/sq  in) 

(%) 

(OF) 

(est  mph) 

(lbs) 

Z-1 

4-2-54 

11.  98 

8 

72 

10 

252.  5 

Z-2 

4-8-54 

11.  93 

22 

72 

0 

250 

Z-3 

4-14-54 

11.  81 

8 

71 

20-30 

250 

Z-4 

4-16-54 

11. 99 

7 

75 

5-10 

252 

Z-5 

4-20-54 

11.91 

7 

78 

15 

250 

Z-6 

4-22-54 

11.82 

24 

80 

0 

252 

Z-1 

4-23-54 

11.  87 

>10 

78 

15 

252 

Z-7R 

4-30-54 

11.  71 

30 

62 

20-25 

252 

Z-6R 

5-3-54 

11.  95 

16 

69 

0 

252 

Z-3R 

5-5-54 

11.  82 

26 

77 

0 

252 

Z-8 

5-28-54 

11.84 

20 

73 

7 

256 

Z-9 

6-2-54 

11.  89 

18 

76 

25 

256 

Z-10 

6-8-54 

11.  84 

12 

82 

11 

256 

Z-IOR 

6-10-54 

11.  87 

11 

82 

12 

256 

Z-12 

6-15-54 

11.  87 

13 

82 

10 

256 

Z-13 

6-16-54 

11.  86 

8 

81 

10-15 

256 

Z-18 

6-17-54 

11.84 

10 

90 

Calm 

252 

Z-22 

6-24-54 

11.  91 

32 

85 

Calm 

252 

Z-21 

7-1-54 

11.  95 

20 

85 

6 

256 

Z-16 

7-2-54 

11.  99 

39 

82 

Calm 

256 

Z-15 

7-6-54 

11.  91 

16 

89 

7 

256 

Z-11 

12-27-55 

11.  62 

64 

52 

3 

256 

Z-llR 

12-29-55 

11.  72 

60 

54 

Calm 

256 

Z-20 

1-19-56 

11.  59 

66 

48 

12 

256 

Z-14 

1-23-57 

11.  94 

29 

55 

8 

256 

Z-23 

1-25-57 

11. 91 

24 

55 

9 

256 

Z-IORR 

1-31-57 

11.  91 

12 

•52 

12 

256 

Z-9R 

2-7-57 

11.  98 

28 

62 

Calm 

256 

Z-19 

2-14-57 

11.  90 

20 

71 

6 

256 

Z-25 

2-19-57 

11.  89 

38 

55 

Calm 

256 

Z-17 

2-21-57 

11.  91 

42 

59 

Calm 

256 

Z-24 

2-26-57 

11.  99 

28 

63 

Calm 

256 

Z-26 

2-28-57 

11.92 

32 

61 

Calm 

256 

Z-27 

2-28-57 

11.  93 

42 

54 

Calm 

256 

Z-13R 

3-5-57 

11.  88 

34 

55 

Calm 

256 

23 


CH  III  --  MACH-STEM  HEIGHT 


To  study  loading  in  the  region  of  formation  of  the  Mach  stem  and  in  the  region  where 
the  Mach  stem  was  close  to  the  height  of  the  target,  it  was  necessary  to  determine  the  height 
of  the  Mach  stem  as  a  function  of  distance  from  ground  zero.  For  this  purpose,  six  Wiancko 
pressure  gauges  modified  to  give  arrival  times  only  were  located  at  six  different  heights  at 
seven  stations  (Figure  10),  It  was  planned  to  use  only  four  stations  for  any  one  shot  (Table  IV) 
The  line  of  these  gauges  was  18  degrees  from  the  base  line  on  which  the  targets  were  located. 

TABLE  IV 

Mach-Stem  Gauge  Locations 


Horizontal  distance 

from  ground  zero  Gauge  heights 

_ (ft) _  (ft) _  _ Shot  No. 


52 

66 

77 

92 

107 

125 

142 


1,2,  3,  4,  5,6 

1,2,  3,  4,  5,  6 
1,2, 3, 4,5, 6 

1,2,  4,  6,  7,8 
1,2, 4,6, 7,8 
2,4,6,8,9,10 
2,4,6,8,9,10 


1,7,9 

1,3,7,  8,9,10 
1,3,  7,  8,  9, 10 
1,2,3,4,5,6,7,8,9,10 
2,3,4,  5,6,8,  10 
2,  4,  5,  6 
2,  4,  5,  6 


The  original  plan  was  to  measure  the  height  of  Mach  stem  on  only  the  first  ten  shots  and 
then  to  assume  that  the  path  of  the  triple  point  on  the  subsequent  shots  was  the  same  as  for  a  shot 
of  corresponding  height  of  burst  among  the  first  ten  shots.  From  the  first  ten  shots,  the 
measured  path  of  the  triple  point  was  as  shown  in  Figure  11.  When  these  data  were  scaled  to 
1  pound  of  TNT  at  sea  level,  their  lack  of  agreement  with  other  published  results  was  con¬ 
siderable  (Figure  12).  Because  the  target  structure  was  resting  on  a  concrete  "sidewalk" 
(Figure  9),  while  the  line  of  Mach-stem  gauges  was  located  over  irregular,  poorly  compacted 
earth,  it  was  doubtful  if  the  Mach-stem  height  measured  by  the  gauges  was  the  same  as  the 
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ZENITH  ANGLE 


GROUND  DISTANCE  (FT) 
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Figure  12.  Comparison  of  Mach-stem  data  scaled  to  1  pound  TNT  at  sea  level 


stem  height  at  the  structure  location.  For  this  reason,  seven  Mach-stem  gauge  stations 
were  moved  to  a  line  at  the  edge  of  the  concrete  "sidewalk",  and  charges  were  fired  at  38 
feet  and  at  64  feet.  The  results  of  these  two  shots  are  designated  in  Figure  11  by  S.  Since 
there  was  no  essential  disagreement  between  the  stem  heights  of  these  two  special  shots  and 
those  fired  earlier,  it  was  concluded  there  were  no  major  differences  in  Mach-stem  height 
versus  distance  along  the  concrete  "sidewalk"  and  a  line  18  degrees  from  it,  in  spite  of  the 
lack  of  agreement  with  other  published  data. 
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CH  IV  --  BLAST  LOADING  OF  TARGET  SURFACES 
IN  THE  REGULAR  REFLECTION  REGION 


Free-Field  Pressure  Measurements 

The  quantities  used  to  correlate  data  from  the  various  shots  are  the  angle  between  the 
shock  front  and  ground  surface  (a),  and  the  free-field  peak  overpressure  (P^^)  sit  the  same 
ground  range  as  the  targets.  On  each  shot,  three  ground  baffle  gauges  were  used  to  record 

pressure  “time.  They  were  located  as  described  in  Chapter  II.  The  free-field  peak  over- 

/ 

pressure  data  are  summarized  on  Figure  13,  which  shows  the  relationship  between  peak  over¬ 
pressure  and  distance  for  each  burst  height  used.  For  comparison  purposes.  Figure  13  also 

5/ 

shows  curves  from  Dr.  Shreve*s  tests,  —  which  employed  similar  TNT  charges.  The  bend 
of  the  curve  at  0  horizontal  distance  is  attributed  to  the  inability  of  the  gauges  to  respond  to 
the  reflected  pressures.  This  is  supported  by  the  calculated  reflected  pressures  shown  in 
Figure  13. 

Target  Surface-Pressure  Measurements 

The  15  pressure-time  records  obtained  from  the  target  centerline  gauges  were  used  to 
construct  pressure  profiles  on  the  target  cross  section  at  successive  time  increments.  From 
these  pressure  profiles,  the  average  pressure  acting  at  the  centerline  on  each  of  the  three 
target  surfaces  at  specific  times  was  computed.  The  time  interval  used  in  the  average- 
pressure  computation  was  0.  5  millisecond  in  the  first  few  milliseconds  of  the  positive  phase 
and  1.  0  millisecond  for  the  remainder  of  the  positive  phase.  The  resultant  average  pressure - 
time  curves  represent  the  average  pressure  acting  on  a  particular  surface  (front,  top,  or  back) 
as  a  function  of  time.  A  number  of  these  curves  are  shown  in  Appendix  A. 

The  centerline  pressure-time  records  were  also  used  to  determine  the  time  of  arrival  of 
the  blast  wave  at  the  gauge  points  on  the  target.  The  time  that  the  incident  wave  arrived  at  vari¬ 
ous  points  of  the  front  and  top  surfaces  being  known,  the  position  of  the  shock  front  in  space  can 
be  determined  at  the  target.  The  angle  of  the  intersection  of  the  shock  front  and  the  ground  sur¬ 
face  should  equal  the  zenith  angle  if  the  wave  front  is  truly  spherical.  In  practice,  however. 
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HORIZONTAL  DISTANCE  FROM  GROUND  ZERO 

Figure  13.  Overpressure-distance  relationship  for  three  heights  of  burst  used 


this  angle  of  intersection  differs  by  a  few  degrees  from  the  zenith  angle  defined  by  the  geo¬ 
metric  relation  of  the  target  to  the  burst  point.  The  angle  of  intersection  of  the  shock  front 
and  any  horizontal  surface  as  determined  from  arrival-time  data  is  termed  the  apparent  zenith 
angle  (a^).  An  example  of  the  procedure  used  to  determine  the  apparent  zenith  angle  is  shown 
in  Figure  14.  Figure  14a  shows  the  time  of  arrival  of  the  incident  blast  wave  at  the  various 
gauge  points.  Figure  14b  was  constructed  from  Figure  14a  and  shows  the  location  of  the  in¬ 
cident  wave  front  at  15.  200  msec  and  15.  690  msec  imposed  on  the  target  cross  section  for 
shot  17.  The  apparent  zenith  angle  was  determined  to  be  36  degrees  as  compared  to  an  actual 
zenith  angle  of  30  degrees.  The  space-time-of-arrival  plots,  illustrated  in  Figure  14a,  were 
also  used  to  determine  the  transit  time  of  the  incident  wave  across  the  front,  top,  and  back 
surfaces  of  the  target. 

For  zenith  angles  less  than  about  45  degrees,  a  Mach  stem  forms  on  the  front  face. 

The  velocity  of  the  shock  down  the  front  face  would  be  increased  by  virtue  of  the  Mach  stem 
and  would  lead  to  an  overestimation  of  the  value  of  the  apparent  zenith  angle.  The  over¬ 
estimation  averages  about  5  degrees  (Table  V). 

Since  the  pressure  gauges  do  not  respond  with  sufficient  rapidity  to  measure  the  ini¬ 
tial  peak  pressure,  it  was  necessary  to  extrapolate  the  pressure-time  records  in  order  to 
obtain  the  best  estimate  of  the  peak  pressures.  For  the  ground  baffle  gauges  used  to  measure 
the  incident  pressure,  each  of  the  three  records  was  extrapolated  to  the  time  of  arrival,  and 
the  three  values  were  then  averaged  to  obtain  the  free -field  pressure  at  the  target  range.  To 
obtain  the  peak  pressure  on  the  target  surfaces,  a  different  procedure  was  used.  For  the  top 
surface,  the  average  pressure -time  curves  were  extrapolated  to  a  time  corresponding  to  the 
transit  time  of  the  wave  across  the  top  surface.  For  the  front  surface,  the  average  pressure¬ 
time  curves  were  extrapolated  to  a  time  equal  to  twice  the  transit  time  of  the  wave  down  the 
front  surface.  No  extrapolations  were  made  on  the  back  surface  except  for  a  =  0°.  The 
validity  of  these  extrapolations  is  discussed  in  subsequent  paragraphs.  The  transit  times 
used  in  the  above  extrapolations  were  those  determined  from  the  space-time-of-arrival  plots 
(see  Figure  14a).  The  process  of  extrapolating  the  average  pressure-time  curves  is  compa¬ 
rable  to  extrapolating  each  individual  pressure-time  record  before  constructing  the  pressure 
profiles.  These  extrapolations  are  shown  in  the  figures  of  Appendix  A. 

Target  Front-Surface  Loading 

The  average  pressure  on  the  front  face  of  the  targets  reaches  a  peak  value  (P2)  at  a 
time  when  the  reflected  wave  has  traversed  the  front  face.  The  time  (t„)  when  p„  occurs  was 
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A)  SPACE  — TIME  — OF— ARRIVAL  PLOT 


Figure  14.  Determination  of  apparent  zenith  angle  from  space-time-of-arrival  data 


TABLE  V 


Summary  of  Zenith  Actual  and  Apparent  Angles 


Z  No. 

Row 

HOB 

Length 

(ft) 

Actual 

angle 

(deg) 

Apparent 

angle 

(deg) 

Difference 
Appr.  -  Act. 

1 

C 

38 

4 

0 

9 

9 

E 

38 

4 

0 

20 

20 

2 

C 

64 

4 

0 

13 

-13 

E 

64 

4 

0 

4 

-4 

3R 

C 

38 

4 

15 

21 

6 

E 

38 

4 

15 

19.  5 

4.  5 

4 

C 

64 

4 

15 

16 

+  1 

E 

64 

4 

15 

14 

-1 

5 

C 

38 

4 

30 

34 

4 

E 

38 

4 

30 

36 

6 

6R 

C 

64 

4 

30 

37.  5 

7.  5 

E 

64 

4 

30 

37.  5 

7.  5 

7 

C 

38 

4 

45 

58 

13 

7R 

C 

38 

4 

45 

45 

0 

E 

38 

4 

45 

50.  5 

5.  5 

8 

C 

64 

4 

45 

52 

7 

E 

64 

4 

45 

45 

0 

9 

C 

38 

4 

60 

59 

-1 

E 

38 

4 

60 

51.  5 

-8.  5 

9R 

C 

38 

4 

60 

60.  3 

0.  3 

E 

38 

4 

60 

60.  3 

0.  3 

lOR 

C 

38 

4 

67.  5 

90 

MS 

E 

38 

4 

67.  5 

90 

MS 

lORR 

C 

38 

4 

67.  5 

90 

MS 

E 

38 

4 

67.  5 

90 

MS 
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TABLE  V  (Cont) 


Z  No. 

Row 

HOB 

Length 

(ft) 

Actual 

angle 

(deg) 

Apparent 

angle 

(deg) 

Difference 
Appr.  -  Act. 

HR 

c 

38 

4 

75 

90 

MS 

E 

38 

4 

75 

90 

MS 

12 

C 

64 

18 

0 

4.  5 

4.  5 

c 

64 

2 

30 

47 

17 

13 

c 

38 

18 

0 

0.  7 

0.  7 

c 

38 

2 

45 

51 

6 

13R 

c 

38 

18 

0 

7.  0 

7 

c 

38 

2 

45 

51.  5 

6.  5 

14 

c 

90 

18 

0 

5 

5 

c 

90 

2 

30 

37 

7 

15 

c 

38 

18 

15 

14 

-1 

c 

38 

2 

60 

48 

-12 

16 

c 

64 

18 

15 

21.  5 

6.  5 

c 

64 

2 

45 

47 

2 

17 

c 

38 

18 

30 

36 

6 

c 

38 

2 

67.  5 

90 

MS 

18 

c 

64 

2 

0 

0.  5 

0.  5 

c 

64 

18 

30 

32.  5 

2.  5 

19 

c 

38 

18 

45 

50 

5 

c 

38 

2 

75 

90 

MS 

20 

c 

90 

18 

30 

36.  7 

6.  7 

c 

90 

2 

45 

41 

-4 

21 

c 

64 

2 

15 

21.  3 

6.  3 

c 

64 

18 

45 

49 

4 

22 

c 

38 

2 

0 

1.  5 

1.  5 

c 

38 

18 

60 

60.  5 

MS 

23 

c 

90 

2 

0 

9.  5 

9.  5 

c 

90 

18 

45 

48 

3 

24 

c 

38 

2 

15 

18.  5 

3.  5 

c 

38 

18 

67.  5 

90 

MS 

25 

c 

38 

2 

30 

37.  5 

7.  5 

c 

38 

18 

75 

90 

MS 

26 

c 

38 

18 

64^40» 

90 

MS 

27 

c 

64 

4 

15 

22 

7 

c 

64 

18 

66^20* 

75.  5 

9^10* 
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determined  by  doubling  the  travel  time  of  the  incident  wave  down  the  target  front  as  determined 
from  the  time-of-arrival  plots.  Since  the  gauge  was  not  able  to  measure  this  peak  pressure, 
it  was  determined  by  extrapolating  the  average  pressure-time  curve  back  to  t„.  Table  VI 
compares  as  determined  from  the  arrival  times  with  the  time  from  arrival  of  the  blast 
wave  to  the  maximum  of  the  average  pressure  on  the  front  surface  (t^^)  for  all  18-foot  targets 
in  the  regular  reflection  region.  This  table  shows  that  with  few  exceptions  the  measured  peak 
average  pressure  occurs  within  0.  5  millisecond  (the  calculation  interval)  of  t„  as  determined 
from  arrival-time  plots,  thus  the  minor  differences  are  inherent  in  the  procedure  used  for 
reducing  the  data. 

The  relationships  between  front-surface  pressure  ratios  (P2/Pjjj)  apparent  zenith 

angles  (a^)  are  shown  in  Figures  15,  16,  and  17.  Figure  15  shows  the  front-surface  pressure 

ratio  and  zenith-angle  relationship  for  2-,  4-,  and  18-foot  targets  exposed  to  a  burst  at  a  38- 

foot  height.  Figure  16  presents  a  similar  analysis  for  the  64-foot  burst  height.  It  must  be 

emphasized  that  these  curves  show  the  ratio  P2/Pjj^  (P^^^  =  average  peak  incident  overpressure) 

for  targets  at  various  ground  ranges  for  a  fixed  burst  height,  not  for  a  constant  shock  strength. 

Essentially  the  curves  in  Figures  15  and  16  show  the  effect  of  the  target  length  on  the  front- 

surface  pressure  ratio.  Figure  17  shows  the  relationships  between  P2/P  and  the  apparent 

zenith  angle  for  the  separate  target  lengths  and  various  heights  of  burst  and,  therefore,  the 

effect  of  different  overpressures  upon  the  front-surface  pressure  ratio  for  constant  target 

dimensions.  One  would  expect  Figure  17  to  show  the  transition  from  —  =  1  to  —  =  reflection 

Pm  P 

factor  at  the  angle  where  the  Mach  stem  is  equal  to  the  height  of  the  target,  as  in  general  it 
does.  Most  unusual  is  the  apparent  dip  in  the  vicinity  of  15  degrees. 
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Relationship  between  front-surface  pressure  ratio,  P2/P»  'the 
apparent  zenith  angle,  a  for  a  height  of  burst  of  64  feet 


FRONT  SURFACE  PRESSURE  RATIO 


TABLE  VI 


Comparison  of  and  for  18-Foot  Targets 


Shot 

^2 

(milliseconds) 

^fm 

(milliseconds) 

fm  2 

(milliseconds) 

12 

3.30 

3.  70 

+0.  40 

13 

1. 91 

1. 98 

+  0.  07 

13R 

2.  32 

2.30 

-0.  02 

14 

3.  28 

3.  52 

+0.  24 

15 

2.  25 

2.40 

+0.  15 

16 

2.  64 

3.30 

+  0.  66 

17 

2.  02 

2.  50 

+  0.  48 

18 

2.44 

2. 67 

+  0.  23 

19 

1. 95 

2.20 

+0.  25 

20 

2.69 

3.20 

+  0.  51 

21 

1. 84 

2.21 

+0.  37 

22 

1. 05 

1.  12 

+0.  07 

23 

2.  44 

2.  70 

+  0.  26 

27 

0.  93 

4.  75 

-0.  28 

t^  is  the  assumed  time  of  maximum  average  pressure  on  the  front  surface. 
It  was  determined  from  the  time-of-arrival  plots. 

Vm  time  of  maximum  average  pressure  on  the  front  surface  as  read 

from  the  average  pressure-time  curve  for  the  front  surface. 


Target  Top-Surface  Loading 


The  average  pressure  on  the  top  surface  reaches  an  initial  maximum  value  (p^)  at  a 
time  (t^)  equal  to  the  transit  time  of  the  incident  wave  across  the  top  surface.  As  in  the  case 
of  the  front  surface,  time-of-arrival  plots  were  used  to  determine  t^.  The  general  shape  of 
the  top-surface  average  pressure-time  curve  after  the  initial  maximum  value  is  reached  de¬ 
pends  principally  upon  the  zenith  angle,  or  rather  on  the  arrival  of  the  reflected  wave  at  the 
top  surface.  For  targets  near  ground  zero  and  thus  for  small  zenith  angles,  the  average 
pressure  on  the  top  surface  decays  rapidly  following  p^.  The  reflected  wave  moving  up  the 
front  surface  for  small  zenith  angles  reaches  the  target  top  with  a  higher  pressure  than  exists 
on  the  top  and  therefore  produces  a  second  but  inferior  maximum.  Examples  of  this  condition 
are  the  top-surface  average  pressure-time  plots  in  Figures  A-1,  A-2,  and  A-3  of  Appendix 
A.  As  the  target  is  moved  away  from  ground  zero,  the  time  between  the  occurrence  of  top- 
surface  initial  maximum  pressure  (p^)  arrival  of  the  reflected  wave  decreases.  Even¬ 

tually  the  second  maximum  gives  way  to  an  interval  of  nearly  constant  or  slightly  decreasing 
top- surface  pressure  behind  the  peak  pressure,  p^.  An  example  of  this  condition  is  shown  in 
Figure  A -4.  At  large  zenith  angles,  the  reflected  wave  arrives  on  the  top  surface  shortly 
after  or  even  before  the  initial  peak  pressure  occurs.  In  this  case,  the  top-surface  average 
pressure-time  curve  is  characterized  by  a  gradual  decay  subsequent  to  the  time  p^  occurs. 

The  treatment  of  the  top-surface  data  is  similar  to  that  of  the  front-surface  data,  in 
that  initial-peak  average  pressure  (p^)  was  obtained  by  extrapolating  to  the  top-surface  transit 
time  determined  from  the  time-of-arrival  plots.  In  a  few  cases  at  zenith  angles  of  about  45 
degrees  or  greater,  p^  was  produced  solely  by  the  incident  wave;  however,  the  reflected  wave 
arrived  so  soon  thereafter  that  extrapolation  was  not  possible.  In  these  cases,  usually  the 
highest  recorded  pressure  was  used. 

Figure  18  shows  the  relationships  between  the  top-surface  pressure  ratio  (P4/Pj^)  ^^d 
the  apparent  zenith  angle  for  the  three  target  lengths  and  a  burst  height  of  38  feet.  Figure  19 
is  a  similar  plot  for  a  burst  height  of  64  feet.  These  two  figures  show  the  effect  of  target 
length  on  the  top- surface  pressure  ratio. 

There  exists  several  anomalies  in  the  top-surface  data  shown  in  Figures  18  and  19. 

The  data  for  shot  Z-25  (Figure  18)  for  the  2-foot  target  located  at  a  nominal  zenith  angle  of 
30  degrees  indicated  an  apparent  zenith  angle  of  37.  5  degrees  and  P^/p  =  0-  *78.  The  peak 
overpressure  for  this  shot  is  compatible  with  data  from  other  shots  with  targets  in  the  same 
range,  and  the  space- time-of-arrival  plot  is  smooth.  Even  so,  the  pressure  ratios  on  the 
front,  top,  and  possibly  the  rear  surface  seem  high  when  compared  with  data  from  nearby 
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angles  (see  Figures  15,  18,  and  21).  For  this  reason  p^/p  Z-25  was  essentially  ignored  in 
data  smoothing. 

On  Figure  19  it  is  noted  that  one  shot  (Z-12)  was  plotted  at  the  nominal  zenith  angle. 

Use  of  the  nominal  zenith  angle  was  necessary  since  the  time-of-arrival  data  were  erratic 
for  the  2 -foot  target.  One  of  the  top-surface  gauges  on  this  target  was  also  erratic,  result¬ 
ing  in  the  low  value  of  p^/p.  The  4-foot  target  at  =  16  degrees  is  shot  Z-4  on  Figure  19. 
One  of  the  top-surface  gauges  appears  erratic.  No  reason  is  apparent  for  the  low  value  of 
p^/p  for  shot  Z-21,  which  used  a  2-foot  target  at  =  21. 3  as  shown  on  Figure  19. 

Figure  20  shows  the  relationship  between  the  ratio  P^/P^^  apparent  zenith  angle 

for  the  various  heights  of  burst.  Again,  the  curves  shown  are  for  targets  at  various  ground 
ranges  from  a  fixed  height  of  burst  --  not  for  a  constant  shock  strength.  However,  for  any 
angle,  P^/P^^  t)e  obtained  for  two  or  three  shock  strengths,  depending  on  the  availability 
of  90  feet  height-of-burst  data  from  this  figure. 

The  most  interesting  thing  to  be  gained  from  Figures  18  to  20  is  the  dip  which  is  maxi¬ 
mum  at  a  zenith  angle  of  45  degrees.  The  dip  is  due  to  a  decrease  in  p^  caused  by  the  rare¬ 
faction  wave  which  forms  very  close  behind  the  reflected  shock  wave  as  it  crosses  the  top. 

The  rarefaction  wave  follows  most  closely  behind  the  reflected  wave  at  approximately  45 
degrees  and  hence  decreases  p^  more  than  for  the  other  angles. 

Target  Back-Surface  Loading 

The  pressure -time  loading  of  the  back  surface  was  handled  somewhat  differently  than 
that  of  the  front  and  top  surfaces.  Times  of  maximum  pressure  on  the  back  surface,  as 
calculated  by  the  Armour  Research  Foundation  prediction  method,  were  not  thought  to  be 
as  reliable  as  for  the  other  surface.  Consequently,  it  was  desirable  to  investigate  the  time 
of  maximum  pressure  as  well  as  the  magnitude  of  the  maximum  pressure  itself.  The  values 
presented  herein  for  the  back-surface  maximum  average  pressure  (p^)  are  the  peak  pressures 
read  directly  from  the  average  pressure-time  curves  for  this  surface.  No  extrapolation  has 
been  made  except  for  those  targets  with  a  nominal  zenith  angle  of  0  degree. 

The  relationships  between  the  back-surface  pressure  ratio  (P|^/P^)  apparent 

zenith  angle  are  given  in  Figures  21  and  22  for  burst  heights  of  38  and  64  feet,  respectively. 
Each  of  these  figures  shows  the  effect  of  the  three  target  lengths  on  the  back-surface  pressure 
ratio.  However,  only  the  individual  data  points  for  the  2 -foot  targets  are  shown  since  the 
scatter  in  the  available  data  for  this  length  precludes  any  implication  of  functional  relation¬ 
ship.  Those  data  points  labeled  LM  are  for  targets  situated  where  Mach-stem  heights  less 
than  the  target  height  existed. 
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Figure  20.  Relationship  between  top-surface  pressure  ratio,  P^/P>  apparent  zenith 

angle,  a «  ,  for  various  heights  of  burst  ^ 


BACK  SURFACE  PRESSURE  RATIO 


Figure  21.  Relationship  between  back- surface  pressure  ratio,  Pl  /p>  and 
apparent  zenith  angle,  a^,  for  a  38-foot  burst  height  ^ 


Figure  22.  Relationship  between  back- surface  pressure  ratio,  Pu./p»  and 
apparent  zenith  angle,  a.  ,  for  a  64-foot  burst  height 


Curves  in  Figures  23  and  24  show  effects  of  apparent  zenith  angles  for  various  heights 
of  burst  and  hence  shock  strengths  on  the  back-surface  pressure  ratios  for  18-  and  4-foot 
targets  respectively.  Inconsistencies  in  the  back-surface  data  for  the  2-foot  targets  make 
such  a  curve  for  this  target  length  impractical.  Figures  23  and  24  present  the  data  for  burst 
heights  of  38  feet,  and  also  90  feet  where  available.  The  maximum  pressure  data  for  targets 
other  than  the  18-foot  target  lack  consistency  for  the  rear  surface.  However,  the  effects  of 
target  length  and  overpressure  are  indicated. 

The  time  difference  (tj^)  between  the  arrival  of  the  incident  wave  at  the  rear  edge  of 
the  top  surface  and  the  occurrence  of  maximum  pressure  on  the  rear  surface  was  determined 
from  the  average  pressure-time  plots.  The  ratio,  front-surface  transit  time 

and  the  apparent  angles  of  incidence  were  studied  to  determine  the  effect  of  target  length,  peak 
overpressure,  and  zenith  angle  on  tj^. 

The  relationships  between  and  the  apparent  zenith  angle  for  the  burst  height  and 

various  target  lengths  are  shown  in  Figures  25,  26,  and  27.  Two  points,  shot  Z-22,  and 
Z-27,  appear  erratic  on  Figure  25.  However,  the  average  pressure-time  plots  for  these  two 
back  surfaces  have  several  maxima;  the  value  of  t^  used  is  the  time  to  occurrence  of  the  ab¬ 
solute  maximum  average  pressure,  which  is  not  the  first  maximum  for  either  shot.  More 
important  is  that  t^^  which  decreases  gradually  with  increasing  zenith  angle  goes  rapidly  to 
zero  between  the  point  where  the  Mach  stem  forms  and  the  point  at  which  it  reaches  a  height 
equal  to  that  of  the  target. 

Figure  28,  a  reproduction  of  the  curves  shown  in  Figures  25,  26,  and  27,  shows  the 
effect  of  target  length  on  the  ratio  t^/t^.  The  target  data  shown  on  Figure  28  are  for  the  64- 
foot  burst  height. 

Since  the  data  indicate  that  the  pressure  ratio  for  the  back  surface  is  more  dependent 
on  target  size  than  for  the  front  or  top  surface,  it  was  of  interest  to  examine  the  average  back 
pressure-time  pulse  for  various  target  lengths,  subject  to  free-field  conditions  which  are  as 
similar  as  the  data  permit.  Consequently,  plots  were  constructed  in  which  the  average  pres¬ 
sure  on  the  back  face  divided  by  the  peak  overpressure  was  plotted  as  a  function  of  time. 
Figures  29,  30,  and  31  show  the  plots  for  various  target  lengths  and  for  nominal  zenith  angles 
of  15,  30,  and  45  degrees,  respectively,  and  for  a  38-foot  height  of  burst.  These  plots  indi¬ 
cate  that  for  the  conditions  studied,  the  pulse  shapes  are  similar  for  angles  of  15  degrees  and 
less.  For  larger  angles,  the  18-foot  or  two  dimensional  target  experiences  a  similar  pulse 
in  the  initial  and  final  stages,  but  a  more  rounded  midstage  with  a  lower  amplitude  than  either 
the  4-foot  or  2 -foot  targets.  Similarly,  the  amplitude  of  the  4-foot  target  is  less  than  that  of 
the  2 -foot  target. 
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Figure  27.  Relationship  between  and  apparent  zenith 

angle,  a^,  for  2 -foot  targets 


Figure  28.  Effect  of  target  length  on  64-foot  burst  height 


BACK  SURFACE  AVERAGE  PRESSURE  DIVIDED  BY  PEAK  OVERPRESSURE 


TIME  IN  MSEC 


Figure  30.  Comparison  of  back- surface  pulse  shapes  at  a  =  30  degrees,  3  8  feet 


SURFACE  AVERAGE  PRESSURE  DIVIDED  BY  PEAK  OVERPRESSURE 


Figure  31.  Comparison  of  back-surface  pulse  shapes  at  a  =  45  degrees,  38  feet 


Comparison  with  Theory 

Procedures  for  predicting  the  average  pressure-time  loading  on  the  various  target  sur¬ 
faces  for  the  regular  reflection  region  are  presented  in  Appendix  A  to  Reference  1,  and  the 
theoretical  calculations  which  follow  were  made  using  this  method.  These  procedures  are 
based  principally  on  theoretical  considerations  at  the  shock  front.  Figure  32  summarizes 
the  average  pressure-time  curves  resulting  from  these  theoretical  considerations. 

It  is  expected  a  priori  that  average  pressures  on  the  various  target  surfaces  in  these 
tests  will  be  less  than  that  predicted  by  theoretical  considerations  as  a  result  of  pressure 
decay  occurring  during  the  time  necessary  for  the  blast  wave  to  transit  a  given  surface. 
Further,  these  tests  represent  what  is  probably  the  lower  limit  of  interest  with  respect  to 
yield  when  scaled  to  nuclear  detonations,  while  the  assumptions  upon  which  the  theoretical 
considerations  are  based  result  in  predictions  that  represent  the  opposite  limit.  It  is  there¬ 
fore  necessary  that  the  tests  reported  herein  be  placed  in  proper  perspective  by  some  quanti¬ 
tative  measure  related  to  pressure  decay  during  the  transit  of  the  blast  wave  over  a  given 
surface.  Since  the  free-stream  pressure  decays  behind  the  shock  front  in  a  somewhat  regular 
fashion,  the  ratios  tj^/t_^  and  =  positive  phase  duration)  are  used  to  correlate  these 

tests  with  theoretical  predictions. 

In  comparing  the  results  of  these  tests  with  theory,  pressures  p.  and  p„  are  the  rele- 

JL  ^ 

vant  pressures  on  the  front  face.  Since  the  gauge  response  was  not  rapid  enough  to  determine 
p^,  only  the  extrapolated  values  for  p^  are  available  for  this  purpose.  Table  VII  summarizes 
all  data  for  the  front  surface  of  the  18-foot  targets  in  the  regular  reflection  region.  In  this 
table  the  calculated  and  measured  values  of  p^  are  tabulated  in  columns  5  and  6  respectively. 

The  ratios  of  both  to  the  measured  maximum  free-field  pressure  (p  )  are  shown  in  columns 
7  and  8.  The  difference  between  columns  7  and  8,  shown  in  column  9,  is  a  measure  of  the 
agreement  between  the  measured  and  calculated  values.  Since  both  values  are  normalized 
to  the  measured  peak  overpressure  (P^).  the  difference  cannot  be  due  to  inability  of  the  gauges 
to  respond  to  the  peak  pressure.  Rather,  it  is  probably  due  either  to  the  fact  that  p«  (measured) 
is  an  average  of  the  values  of  five  gauges  during  one  transit  time,  or  to  an  overestimate  in  the 
calculation  of  p^.  The  ratio  of  front-surface  transit  time  (t^^)  to  the  positive  phase  duration  in 
the  free  stream  (t_|^)  is  listed  in  column  11.  The  pressures  listed  in  column  10  are  the  maxi¬ 
mum  pressures  occurring  on  gauge  No.  1  which  was  the  gauge  nearest  the  re-entrant  corner 
of  the  front  face  (see  Figure  4).  Gauge  No.  1  was  located  4  inches  above  the  horizontal  and 
recorded  the  reflected  pressure  at  a  time  approximately  equal  to  t^^. 

Comparison  of  the  maximum  pressure  measured  at  gauge  No.  1  and  the  calculated  value 
of  P2  indicates  that  reflected  pressures  comparable  with  those  predicted  by  theory  occur  in  the 
re-entrant  corner.  However,  comparison  of  the  measured  and  calculated  values  of  p„  indi- 
cates  that  for  the  values  of  and  shock  strength  used  in  these  experiments,  the  rapid  decay 
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Figure  32.  Summary  of  theoretical  predictions  in  the  regular  reflection 

region  from  Reference  8  1.  ^  ^ 
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tt  larger  than  expected 


behind  the  reflected  shock  front  as  it  moves  out  of  the  re-entrant  corner  results  in  measured 
values  of  p„  as  much  as  50  percent  smaller  than  those  calculated.  It  appears  as  if  the  decay 
behind  the  shock  is  mainly  dependent  upon  the  shock  strength,  since  the  values  for 
not  vary  much  for  a  given  angle. 

Theoretical  considerations  indicate  that  the  average  pressure  on  the  top  surface  rises 
linearly  to  a  pressure,  p^,  at  a  time  (t^)  when  the  incident  wave  has  traversed  the  top  surface. 
Subsequently  the  pressure  reaches  a  maximum  equal  to  the  free-stream  overpressure  plus  a 
drag  contribution  at  a  time  equal  to  these  HE  experiments,  the  peak  average  pres¬ 

sure  on  the  top  surface  occurred  at  a  time  equal  to  t^;  and  although  subsequent  maxima  oc¬ 
curred  in  the  average  pressure-time  curves,  they  were  associated  with  the  arrival  of  the  re¬ 
flected  wave  at  the  top  surface  and  always  smaller  in  magnitude  than  p^.  Table  VIII  compares 
measured  and  calculated  values  of  p^.  Column  9  shows  that  the  agreement  is  quite  good  and 
well  within  the  scatter  to  be  expected  on  this  experiment. 

As  in  the  case  of  the  top  surface,  the  peak  average  pressure  on  the  rear  surface  is 
theoretically  considered  to  be  a  function  of  dynamic  pressure  as  well  as  of  overpressure. 

Since  no  dynamic  pressures  were  measured,  comparison  between  calculated  and  observed 
values  is  not  warranted.  However,  a  comparison  of  the  time  that  maximum  average  pres¬ 
sure  occurs  on  the  back  face  (t^)  from  observation  and  theoretical  calculations  is  made  in 
Table  IX.  The  agreement  between  observed  and  calculated  values  is  somewhat  better  than 
for  the  top  pressure. 
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Comparison  of  Top-Surface  Data  with  Theoretical  Prediction 
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TABLE  IX 


Comparison  of  Measured  and  Calculated  Values  for 
(18-foot  targets) 


Shot 

Zenith 

angle 

(deg) 

Burst 

height 

(ft) 

calculated 

(msec) 

b 

measured 

(msec) 

Percent  difference  be¬ 
tween  calculated  and 
measured  values  of  tb 

15 

15 

38 

2.  51 

3.  15 

-25.  5 

16 

15 

64 

4.23 

4.  00 

+  5.  5 

17 

30 

38 

4.  30 

4.  10 

+4.  9 

18 

30 

64 

5.  43 

4.  95 

+8.  8 

20 

30 

90 

5.  90 

4.  20 

+28.  8 

19 

45 

38 

-  - 

4.  07 

-  - 

21 

45 

64 

6.  64 

6.  05 

+8.  9 

23 

45 

90 

6.  88 

6.  30 

+8.  4 

27 

66^20* 

38 

5.  80 

— 

"Calculation  of  has  no  meaning  since  the  theoretical  value  of  associated 
with  the  calculated  shock  strength  is  less  than  the  zenith  angle,  is  the 
extreme  value  of  a  for  a  given  shock  strength  for  which  regular  reflection 


occurs. 


CH  V  --  BLAST  LOADING  OF  TARGET  SURFACES  IN 
THE  LOW  MACH-STEM  REGION 


Scope 

Thirteen  targets  were  located  at  horizontal  distances  from  ground  zero  such  that  the 
Mach  stem  had  formed  before  the  blast  wave  arrived  at  the  target.  Three  situations  were 
planned  for  each  target  length,  so  that  at  the  targets  the  stem  height  would  be  less  than  the 
target  height  in  one  case,  slightly  greater  than  the  target  height  in  another,  and  several  times 
higher  than  the  target  height  in  the  third.  The  data  from  these  shots  were  used  in  the  same 
manner  as  that  described  in  Chapter  IV  for  the  regular  reflection  region.  Average  pressure¬ 
time  curves  and  space-time-of-arrival  plots  were  constructed,  and  the  usual  extrapolations 
were  made  for  the  front  and  top  surfaces. 

Mach-Stem  Height 

Two  data  sources  were  available  for  determining  the  Mach- stem  height  on  some  shots: 

(1)  the  Mach-stem  data  described  in  Chapter  III  determines  the  path  of  the  triple  point;  (2)  for 
those  cases  where  the  Mach-stem  height  was  less  than  the  target  height,  space-time-of-arrival 
plots  could  be  used.  The  agreement  between  the  Mach-stem  heights  shown  in  Figure  11  and 
those  determined  from  the  space-time-of-arrival  plots  show  about  the  same  dispersion,  with 
two  exceptions,  as  the  agreement  between  different  shots  used  to  construct  Figure  11.  Mach- 
stem  heights  from  both  sources  are  tabulated  in  Table  X.  Of  the  two  exceptions,  only  shot 
Z-26  is  listed  in  Table  X.  The  other  exception,  shot  Z-2  7,  was  the  only  target  in  the  low 
Mach  region  using  a  burst  height  of  64  feet.  Data  in  Chapter  HI  for  a  64-foot  height  of  burst 
indicates  that  the  stem  height  at  142  feet  from  ground  zero  should  have  been  about  1  foot. 
However,  because  of  the  small  angle  between  the  shock  front  and  the  front  surface  (20  degrees), 
a  Mach  stem  is  difficult  to  determine  from  the  space-time-of-arrival  plot  for  shot  Z-27.  It 
can  be  said  only  that  if  a  Mach  stem  did  exist,  it  was  less  than  1  foot  high.  For  this  reason, 
the  18-foot  target  on  shot  Z-27  has  been  included  among  data  for  the  regular  reflection  region. 
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Summary  of  Data  for  Targets  Located  in  the  Low  Mach-Stem  Region 
(height  of  burst  is  38  feet) 
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Mach-stem  height  data  were  collected,  as  indicated  in  Chapter  III,  out  to  a  horizontal 
distance  of  about  107  feet  for  the  38-foot  burst  height.  At  this  range  the  Mach-stem  height 
was  about  5  feet.  The  most  distant  targets  for  this  burst  height  were  142  feet  from  ground 
zero,  and  it  is  estimated  that  the  height  of  the  Mach  stem  was  greater  than  10  feet  at  this 
point. 

Target  Surface  Loading 

The  average  pressure -time  loading  was  studied  in  the  same  manner  as  for  the  regular 
reflection  region.  The  results  of  this  analysis  are  shown  in  Table  X.  The  notation  is  the 
same  as  used  before,  p^  is  the  peak  pressure  on  the  front  surface,  p^  is  the  peak  pressure 
on  the  top  surface,  and  Pj^  is  the  peak  pressure  on  the  rear  surface.  The  quantity  p^  is  the 
calculated  reflected  pressure  resulting  from  normal  incidence  of  p,  the  measured  peak  over¬ 
pressures.  It  was  calculated  from  the  expression 

/4p  +  7P  \ 

^r  "  +  7P^  j 

where  P^  is  the  ambient  pressure. 

Examination  of  the  data  in  column  8  of  Table  X  indicates  that  when  the  Mach  stem  is 
about  0.4  times  the  target  height,  the  peak  average  pressure  on  the  front  surface  is  about 
three-quarters  of  that  which  would  be  expected  if  p  were  normally  reflected.  Columns  8  and 
9  indicate  the  influence  of  Mach-stem  formation  on  the  front  and  top  respectively.  Generally, 
as  one  would  expect,  the  pressure  on  the  front  approaches  the  peak  reflected  pressure  and 
on  the  top,  the  peak  free -field  pressure. 

Column  11  summarizes  the  effect  of  Mach-stem  height  on  the  back  surface.  No  effect 
of  Mach-stem  height  is  apparent  in  these  data. 

Samples  of  the  average  pressure-time  plots  for  targets  in  this  region  are  included  in 
Appendix  A. 
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CH  VI  --  DURATION  EFFECTS 


Since  it  is  known  that  the  duration  of  positive  pressure  on  the  front  surface  of  a  target 
can  be  less  than  the  duration  of  the  positive  phase  for  the  incident  blast  wave  in  the  Mach 
region,  pulse  durations  on  the  front  surface  were  determined  experimentally  to  evaluate  this 
effect  in  the  regular  reflection  region. 

The  positive  phase  duration  for  the  free-field  blast  wave  was  found  on  each  shot  by 
averaging  the  durations  from  the  three  ground  baffle  gauges.  The  duration  of  the  positive 
pressure  on  the  front  surface  was  found  by  averaging  the  duration  of  the  five  pressure  gauges 
on  that  surface  of  the  target.  A  second  pressure  rise,  commonly  termed  "Pete",  near  the 
end  of  positive  phase  occurs  frequently  in  the  blast  wave  resulting  from  HE  detonations  (see 
Reference  11).  Consequently,  the  pressure  time  records  for  individual  gauges  were  smoothed 
through  "Pete"  to  zero  pressure,  and  a  corrected  pressure  duration  (t^)  which  excluded  the 
durations  of  "Pete"  was  determined.  For  each  target,  ratios  of  the  positive  pressure  duration 
on  the  front  surface  to  the  duration  of  the  incident  blast  wave  (t^/t^)  along  with  were  com¬ 

puted.  (U  is  the  velocity  determined  from  the  space-time  of  arrival  plots  associated  with  the 
apparent  angle,  t  is  the  corrected  positive  phase  duration,  t.  is  the  corrected  positive  phase 
duration  on  the  front  surface,  and  h  is  the  target  height. )  For  the  2 -foot  target,  Y7f2  cal¬ 

culated,  L  being  the  length  of  the  target.  These  data  are  summarized  in  Tables  XI  and  XII 
for  targets  in  regular  reflection  and  Mach  regions  respectively.  Also  presented  in  Tables  XI 
and  XII  are  the  ratios  of  corrected  durations  of  the  back-surface  positive  pressure  to  the 
positive  pressure  in  the  incident  wave  (t^/t^)- 

The  data  for  all  targets  in  the  Mach  region  when  the  height  of  the  stem  exceeds  the  tar¬ 
get  height  are  shown  in  Figure  33,  along  with  data  from  other  HE  studies  in  this  region.  The 
data  from  other  studies  are  the  same  data  points  identified  in  Figure  1.  Examination  of  Fig¬ 
ure  33  shows  about  the  same  trend  observed  in  previous  HE  diffraction  studies  in  the  Mach 
region  as  one  would  expect.  There  is  no  discernible  difference  due  to  variation  in  target 
length  and  the  low  Mach- stem  heights  used  in  this  series  of  shots.  None  of  the  values  from 
this  series  fell  as  low  (^0.  6)  as  those  from  the  earlier  tests,  despite  their  being  at  compara¬ 
ble  overpressures. 
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TABLE  XI 


Summary  of  Pulse  Duration  Data  for  the  Regular  Reflection  Region 


Height 


Nominal 

of 

t„  -  t. 

Shot 

angle 

(deg) 

burst 

(ft) 

Target 

(ft) 

‘f/V 

t  /t 
r'  + 

mjh 

f 

V 

13 

0 

38 

18 

1.  00 

1. 01 

10.  08 

0.  91 

13R 

0 

38 

18 

1, 07 

1.  02 

8.  09 

0.  95 

12 

0 

64 

18 

1.21 

1.  19 

8.  77 

1. 09 

14 

0 

90 

18 

1.  14 

1.  14 

9.  17 

1. 04 

1 

0 

38 

4 

1.  90 

0.  97 

10.  86 

0.  82 

2 

0 

64 

4 

1.  98 

1. 02 

10.  83 

0.  89 

22 

0 

38 

2 

1.  00 

0.  99 

17.  56 

0.  88 

18 

0 

64 

2 

1.  03 

1.  12 

19.  52 

0.  93 

23 

0 

90 

2 

1.  12 

1. 06 

18.  06 

1. 01 

15 

15 

38 

18 

0.  77 

0.  92 

11.  93 

0.  69 

16 

15 

64 

18 

0.  96 

1. 02 

11.  46 

0.  88 

3R 

15 

38 

4 

1.  00 

1. 07 

8.  67 

0.  89 

4 

15 

64 

4 

1. 03 

0.  98 

9.  72 

0.  93 

27 

15 

64 

4 

1. 03 

1. 09 

9.  73 

0.  93 

24 

15 

38 

2 

1.  00 

0.  98 

22.  80 

0.  91 

21 

15 

64 

2 

0.  96 

1. 02 

24.  74 

0.  89 

17 

30 

38 

18 

0.  92 

1. 08 

8.  54 

0.  83 

18 

30 

64 

18 

0.  87 

1. 06 

10.  83 

0.  79 

20 

30 

90 

18 

0.  80 

0.  89 

12.  82 

0.  73 

5 

30 

38 

4 

0.  98 

1.  11 

9.  56 

0.  89 

6R 

30 

64 

4 

0.  86 

1. 01 

11.  12 

0.  78 

25 

30 

38 

2 

1.  02 

1. 08 

17.  73 

0.  93 

12 

30 

64 

2 

0.  88 

0.  91 

39.  06 

0.  84 

14 

30 

90 

2 

1.  00 

1. 02 

19.  66 

0.  91 

19 

45 

38 

18 

0.  82 

1.  15 

8.  86 

0.  74 

21 

45 

64 

18 

0.  81 

0.  99 

13.  28 

0.  76 

23 

45 

90 

18 

0.  91 

0.  99 

10.  53 

0.  85 

7R 

45 

38 

4 

0.  74 

0.  91 

10.  79 

0.  68 

8 

45 

64 

4 

0.  89 

0.  90 

13.  16 

0.  83 

13 

45 

38 

2 

0.  96 

1.  12 

17.  90 

0.  89 

13R 

45 

38 

2 

0.  96 

1.  17 

19.  08 

0.  87 

16 

45 

64 

2 

1.  05 

1.  12 

21.  67 

0.  99 

20 

45 

90 

2 

0.  92 

1. 05 

26.  73 

0.  87 

27 

66O20' 

64 

18 

0.  89 

1. 02 

10.  07 

0.  86 

Ut 

for  2  "foot  target 


TABLE  XII 


Summary  of  Pulse  Duration  Data  for  Low  Mach  and  Mach  Region 


Shot 

Nominal 

angle 

(deg) 

Mach- 

stem 

height 

Height 

of 

burst 

(ft) 

Target 

(ft) 

*t/‘+ 

t  /t 
r  + 

Ut^/h 

22 

60 

38 

18 

0.73 

0.  83 

16.  53 

9 

60 

38 

4 

0.  92 

0.  97 

8.  86 

9R 

60 

38 

4 

1. 00 

1.  09 

9.26 

15 

60 

38 

2 

.  1. 07 

1.23 

15.08 

26 

64°40' 

38 

18 

0.  81 

1.  00 
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for  2 -foot  target 


ALL  TARGETS  IN  THIS  SERIES  WITH  MACH  STEM  HEIGHTS  EXCEEDING  TARGET  HEIGHT 


Figure  33.  Duration  effects  in  the  Mach  region 


I 


The  shortening  of  the  front-surface  positive-pressure  duration  in  the  regular  reflection 
region  was  examined  in  a  manner  similar  to  that  used  for  the  Mach  region.  Figure  34  shows 
the  ratio  t^/t^  plotted  as  a  function  of  Ut^/h  for  those  targets  in  the  regular  reflection  region. 
Examination  of  Figure  34  indicates  that  the  duration  of  the  positive  pressure  on  the  front  sur¬ 
face  is  shortened  in  much  the  same  manner  as  it  is  for  Mach  reflection  but  by  a  lesser  amount 


Since  t„  was  determined  by  averaging  the  positive  durations  of  the  five  gauges  on  the  front 

^  tf  ”  ^1  / 

surface,  — r -  is  perhaps  a  more  reasonable  parameter  than  tf/t,  with  which  to  investigate 

pulse  shortening  in  the  regular  reflection  region.  This  is  true,  since  it  would  be  expected 
that  an  individual  gauge  would  record  the  ground  reflected  wave  duration,  shortened  if  appli¬ 
cable,  plus  some  portion  of  the  incident  wave  duration  depending  on  the  distance  from  the 
gauge  position  to  the  re-entrant  corner.  If  it  is  assumed  that  the  reflected  wave  has  a  con¬ 
stant  duration  during  the  transit  time  up  the  front  surface  of  the  target,  then  the  duration  of 


the  reflected  wave  would  be  approximately  equal  to  ^  Figure  35  shows  the  ratio 

(t^  '  t^)/t^as  a  function  of  Ut^/h.  Here  the  amount  of  duration  shortening  is  more  in  keeping 

with  that  in  the  Mach  region. 


Although  there  is  considerable  scatter  in  the  data  presented  in  Figures  34  and  35,  it 
appears  that  shortening  may  also  be  related  to  the  zenith  angle.  This  dependence  upon  zenith 
angle  is  more  apparent  if  the  data  are  rearranged  as  shown  in  Table  XIII.  Here  the  data  are 
divided  into  two  groups.  One  group  averages  the  values  of  Ut^/h  and  (t^  -  each  nom¬ 

inal  zenith  angle  for  all  4-  and  18-foot  targets.  The  second  group  shows  these  values  for  the 
2 -foot  targets.  This  is  reasonable  since  the  value  of  Ut^/h  for  4-f(^^t  and  18 -foot  targets  is 
generally  about  10  +  2,  whereas  for  the  2 -foot  targets  the  value  of  jjjy  generally  more  than 
twice  that  value.  Examination  of  the  4-  and  18-foot  target  data  in  Table  XIII  shows  that  al¬ 
though  Ut^/h  (average)  is  increasing  slightly  with  the  zenith  angle,  the  ratio  t^  -  (average) 

decreases.  Hence,  it  is  apparent  that  within  the  range  of  the  spacial  distribution  of  the  shock 
wave  (Ut^)  occurring  in  these  tests,  the  shortening  of  positive  pressure  duration  on  the  front 
face  is  dependent  also  on  the  zenith  angle.  The  data  for  the  2 -foot  target  shows  little  depend¬ 
ence  of  duration  shortening  on  zenith  angle.  This  is  not  unexpected,  since  for  a  cube,  hori¬ 
zontal  flow  around  the  ends  is  more  important  relative  to  flow  over  the  top,  and  horizontal 
flow  is  less  sensitive  to  the  effect  of  a  change  in  zenith  angle. 
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Figure  34.  Duration  effects  in  the  regular  reflection  region 


OF  30® 


Figure  35.  Relationship  between  {!„  -  and  Ut  /h 


TABLE  XIII 


Effect  of  Zenith  Angle  on  Front  Surface  Duration 


Nominal 

zenith 

angle 

(deg) 

Averaged  18- 

and  4-foot  data 

Averaged  2 

-foot  data 

Ut^/h 

tf  -  t^/t^ 

Ut^/L/2 

tf  -  t^/t^ 

0 

9.  63 

0.  95 

18.  47 

0.  94 

15 

10.  30 

0.  86 

23.  77 

0.  90 

30 

10.  57 

0.  80 

25.48 

0.  89 

45 

11.  32 

0.  77 

21.44 

0.  91 
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CH  VII  --  END  EFFECTS 


The  4-foot  targets  on  shots  Z-1  through  Z-llR  were  instrumented  with  a  band  of  pressure¬ 
time  gauges  near  the  end  of  the  target.  This  arrangement  provided  pressure-loading  data  for 
comparison  with  that  obtained  near  the  centerline  of  the  targets.  The  end  gauge  band  is  des¬ 
cribed  in  Chapter  II.  Only  two  gauges  were  placed  on  the  front  surface  in  the  end  band,  and 
these  were  located  4  and  20  inches  from  the  re-entrant  corner,  as  were  gauges  I  and  4  of  the 
centerline  gauge  band.  Six  gauges  were  used  on  each  of  the  top  and  back  surfaces  in  the  end 
band.  They  were  spaced  as  those  of  the  centerline  band. 

The  data  from  the  end  gauge  band  were  used  to  construct  average  pressure -time  plots 
for  the  various  surfaces  in  the  manner  described  in  Chapter  IV  for  the  centerline  band.  From 
these  plots,  peak  average  pressures  on  the  front  (P^,  top  (p^,  and  back  (p^)  surfaces  were 
determined  as  before.  Total  impulse  for  the  positive  phase  was  determined  for  both  the  end 
and  centerline  gauge  band  on  all  surfaces.  To  measure  the  difference  between  the  average 
pressure-time  pulse  near  the  target  end  and  that  on  the  centerline,  ratios  of  maximum  aver¬ 
age  pressure  and  positive-phase  total  impulse  on  the  centerline  gauge  band  to  the  same  values 
on  the  end  gauge  band  were  computed.  Table  XIV  summarizes  these  computations.  (In  Table 
XIV  the  symbols  1^,  I^,  and  Ij^  are  the  positive-phase  total  impulses  on  the  centerline  front, 
top,  and  back  surfaces  respectively;  the  primed  terms  are  for  the  end  band. ) 

With  the  exception  of  shots  Z-4  and  Z-9,  no  significant  variations  from  unity  in  the 
ratios  P2/P2  these  data.  One  shot  Z-4,  gauges  at  positions  16  (end  band) 

and  1  (center  band)  produced  almost  identical  pressure-time  curves.  However,  the  pressure 
recorded  at  position  4  (center  band)  was  roughly  double  that  of  position  17  (end  band)  through¬ 
out  most  of  the  positive  phase.  The  shapes  of  the  pressure-time  curves  for  position  4  is 
similar  to  that  of  position  17.  Although  a  re-examination  of  the  gauge  records  offered  no 
explanation  for  this  difference,  a  calibration  error  appears  likely. 

Neither  peak  average  pressure  nor  total  positive-phase  impulse  on  the  top  surface  vary 
much  between  end  and  center  gauges  for  the  targets  at  which  Mach-stem  heights  were  larger 
than  target  height  (shots  Z-IOR,  lORR,  and  UR).  For  targets  in  the  regular  reflection  region. 
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TABLE  XIV 


Summary  of  End -Effects  Data 

Height  of 
Zenith  Mach-stem 


Shot 

angle 

(deg) 

target 

height 

P2/P2 

if/i; 

P4/P4 

v; 

»b/Pb 

1 

0 

0 

0. 94 

0.  90 

0.  94 

0. 97 

0.  85 

1.  02 

2 

0 

0 

__:ic 

1.  12 

0.  96 

0.  89 

0.  96 

3R 

15 

0 

1.  10 

1.  09 

1.  16 

1.  19 

0.  99 

1.  25 

4 

15 

0 

1.33 

1.  32 

0.  93 

0.  78** 

0.  88 

0.  96 

5 

30 

0 

0.  99 

1.  ist 

0.  87 

0 

CD 

1.  19 

1.  18 

6R 

30 

0 

0.  98 

0.  97 

1. 22 

1. 05 

1.03 

1.  01 

7R- 

45 

0 

0.  93 

0.  93 

1. 24 

1. 23 

1.  53 

1.35 

8 

45 

0 

0.  97 

0.  83 

0.  98 

1. 08 

1. 29 

1. 33 

9 

60 

0.  65 

1. 40 

1.  24 

1. 21 

1.48 

2.32^;< 

0.  97 

9R 

60 

0.  79 

^ 

1.  06 

1. 06 

2.  89 

2.  82 

lOR 

67.  5 

1.6 

1. 05 

1. 23 

1.  01 

1.  19 

0.  91 

1.  47 

lORR 

67.  5 

1.6 

1. 03 

1. 03 

1. 07 

1. 00 

1.42 

1.29 

HR 

75 

710 

1. 01 

0.  94 

1.  09 

0.  96 

1.47 

1. 30 

One  of  two  gauges  on  front-surface  end  band  failed 

One  centerline  top-surface  gauge  appears  erratic 

t The  only  significant  difference  between  end  and  center  average  pressure-time 
plate  occurs  near  the  end  positive  phase. 
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however,  the  ratios  of  p,/p^  and  I  /I!  vary  considerably  from  unity,  but  no  trend  is  apparent 
in  the  variations. 

On  shots  Z-9  and  Z~9R,  where  the  Mach  stem  existed  but  was  not  as  high  as  the  target, 
higher  pressures  were  experienced  on  the  center  than  the  ends,  but  not  to  the  same  degree 
for  the  two  shots.  Although  1^/lj  for  shot  Z-9  equaled  1. 48,  much  of  the  higher  pressure  on 
the  center  occurred  near  the  end  of  the  positive  phase.  Ten  milliseconds  after  the  blast 
wave  appeared  at  the  top  surface,  the  ratio  of  center  impulse  to  end  impulse  was  only  1. 27. 

Analysis  of  the  ratios  P^^/b^  and  Ij^/l^  for  zenith  angles  of  30  degrees  and  less  indicates 
that  the  average  pressure-time  pulses  for  the  back-surface  end  and  center  bands  are  nearly 
identical  for  shots  Z-1,  Z-2,  Z-4,  and  Z-6.  The  average  pulses  for  center  and  end  back 
surface  on  shots  Z-3  and  Z-5  are  identical  only  to  the  approximate  time  of  occurrence  of 
For  the  targets  with  a  zenith  angle  of  45  degrees  and  for  all  targets  in  the  low  Mach-stem  or 
high  Mach-stem  regions,  the  shape  of  the  average  pressure-time  curves  on  the  end  band  is 
significantly  different  from  those  at  the  center  of  the  target.  Figures  36  through  40  compare 
the  back-surface  average  pressure-time  relationship  for  the  end  and  center  gauge  bands  of 
targets  at  45  degrees  and  beyond. 
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Figure  36.  Comparison  of  back-surface  average  pressure-time  relationships 
for  end  and  center  gauge  bands  on  shot  Z-7^  a  =  45  degrees 


TIME  IN  MSEC 


Figure  37.  Comparison  of  back-surface  average  pressure-time  relationships 
for  end  and  center  gauge  bands  on  shot  Z-8,  a  =  45  degrees 
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CH  VIII  --  DISCUSSION 


Regular  Reflection  Region 

It  has  been  previously  mentioned  that  this  experiment  probably  approaches  the  lower 
limits  of  practical  interest,  since  scaling  the  targets  to  nuclear  burst  results  in  equivalence 
to  a  7 -story  structure  for  a  20-kt  weapon.  However,  the  variation  from  theoretical  considera¬ 
tions  is  probably  well  worth  establishing  at  this  lower  limit.  Further,  the  data  presented  are 
directly  applicable  for  multistory  structures  over  the  range  of  conditions  of  the  experiment, 
i.e.  ,  variable  angles,  pressures,  Mach-stem  heights  and  structure  length. 

The  experiment  was  not  sufficiently  extensive  in  scope  to  determine  at  what  values  of 
t^/t_^  the  variation  from  theoretical  prediction  of  front-surface  loading  becomes  worthy  of 
consideration,  but  results  do  indicate  that  for  zenith  angles  greater  than  30  degrees  and  for 
the  lower  values  of  shock  strength  used  in  this  experiment,  the  variation  from  theory  is  not 
significant.  However  for  angles  less  than  30  degrees,  the  difference  between  theory  and  ex¬ 
periment  is  significant  for  all  values  of  shock  strength  tested,  and  this  difference  increases 
with  increasing  shock  strength.  The  data  for  front-surface  loading  at  a  nominal  zenith  angle 
of  0  degree  do  not  show  the  variation  from  theory  to  the  extent  that  is  apparent  in  the  15-  and 
30-degree  data.  This  is  reasonable,  since  0  degree  is  perhaps  the  easiest  condition  to  de¬ 
scribe  theoretically  in  the  regular  reflection  region.  However,  the  scatter  of  the  data  for  a 
nominal  angle  of  0  degree  with  a  height  of  burst  of  38  feet  is  excessive;  it  resulted  from  the 
inability  of  the  gauges  to  record  the  high  pressures  at  ground  zero  for  this  lowest  height  of 
burst  used.  The  average  pressure-time  curves  presented  in  Appendix  A  employ  the  38-foot 
height-of-burst  data,  since  the  maximum  difference  betw'een  extrapolated  and  recorded  values 
occur  here.  Even  these  differences  are  not  excessive  except  for  the  O-degree  zenith  angle. 

The  data  indicate  (Figure  15)  that  the  4-foot  target  experiences  lower  front-surface 
pressure  ratios  (P2/P^)  18-foot  target  which  is  essentially  two-dimensional,  but 

this  difference  does  not  exceed  5  percent  except  for  small  angles.  However,  because  diffrac¬ 
tion  about  the  ends  does  not  permit  a  high  front  pressure,  the  lowness  of  the  front-surface 
pressure  ratio  on  the  2 -foot  target  is  clear  throughout  the  regular  reflection  region. 


75 


The  dispersion  of  data  describing  the  shortening  of  the  front-surface  positive-pressure 

duration  in  the  regular  reflection  region  is  comparable  to  that  for  the  low  Mach  and  high  Mach 

tf  -  ti 

regions.  The  relationship  between  t^/t^  or  — -  and  Ut^/h  in  this  region  is  similar  to  that 

found  by  previous  experimenters  in  the  Mach  Region.  Despite  the  dispersion,  the  data  indi¬ 
cate  that  the  shortening  of  the  front-surface  positive  pressure  is  dependent  also  upon  the  zenith 
angle.  The  dispersion,  however,  prevents  quantitative  description  of  the  amount  of  the  effect. 

Except  for  those  targets  at  a  =  45^,  no  serious  variation  from  the  predicted  values  of 
p^  for  the  18-foot  target  was  found.  At  45  degrees,  however,  the  variation  was  27.  8  percent 
for  the  largest  value  of  shock  strength  used. 

Unlike  the  front  surface,  no  difference  between  the  top-surface  pressure  ratios  for  the 
18-  and  4-foot  targets  was  noted.  The  2-foot  target  experienced  pjp  values  significantly  less 
than  those  for  the  18-foot  targets.  The  observation  concerning  the  scatter  of  the  front-surface 
data  at  a  =  0^  is  also  applicable  for  the  top  surface.  Indeed,  the  value  of  P^/p  should  be  1.  00 
for  this  condition  if  one  disregards  the  decay  in  shock  strength  through  a  distance  equal  to  the 
structure  height. 

Examination  of  the  average  pressure  pulse  for  the  back  surface  indicate  that  the  maxi¬ 
mum  average  pressure  on  this  surface  is  extremely  dependent  on  target  length  especially  for 
larger  zenith  angles.  The  data  for  a  =  0  on  the  rear  surface  suffers  from  the  gauge -response 
difficulty  mentioned  previously  for  front  and  top  surfaces.  Shot  Z-21  appears  to  be  anomalous 
for  the  rear  surface  mentioned  above.  Although  the  data  for  the  2-  and  4-foot  targets  are  not 
as  consistent  as  desirable,  there  is  still  enough  consistency  to  infer  large  variations  from  the 
18-foot  or  two-dimensional  target.  The  slow  response  of  the  gauges  probably  introduces 
little  serious  error  on  the  rear-surface  measurements,  except  for  small  angles,  since  the 
rise  time  of  the  average  pressure  on  the  rear  surface  is  fairly  long. 

Although  the  time  of  maximum  average  pressure  on  the  rear  face  of  the  18-foot  targets 
is  in  good  agreement  with  theoretical  predictions.  Figures  25  through  28  indicate  that  this 
time,  t^,  is  also  extremely  dependent  on  target  length. 


Low  Mach- Stem  Region 

In  this  experiment  four  targets  were  located  so  that  the  height  of  the  Mach  stem  was 
less  than  the  target  heights.  When  the  height  of  the  Mach  stem  was  about  0.  4  times  the  tar¬ 
get  height,  the  observed  p^  was  about  three-fourths  of  that  which  would  be  expected  if  the 
peak  overpressure  were  normally  reflected.  No  significant  effect  of  target  length  was  ap¬ 
parent  for  these  targets.  Similarly,  the  value  of  p^/p  varied  only  from  0.  65  to  0.  70,  despite 
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the  fact  that  all  three  target  lengths  were  represented  in  this  group.  The  average  pressure 
on  the  rear  surface  is  of  course  dependent  upon  target  length.  The  2-  and  4-foot  targets  have 
nearly  similar  values,  but  these  are  50  percent  higher  than  those  for  the  18-foot  target. 

In  those  cases  where  the  Mach-stem  height  exceeded  the  height  of  the  target,  the  Mach 

stem  height  was  determined  from  the  data  presented  in  Chapter  III.  From  those  data,  the 

Mach-stem  height  is  known  only  to  about  +0.  5  foot.  In  the  region  where  the  Mach  stem  as 

determined  from  Chapter  III  was  employed,  no  real  discrepancy  is  apparent  in  p„/p  where 

^  r 

the  stem  height  greatly  exceeded  the  target  height,  despite  different  target  lengths.  There 
are  minor  variations  in  P2/PJ.-  but  these  are  more  probably  a  function  of  the  variation  in 
Mach-stem  height  (a  range  from  about  0.  6  to  1.  6  feet  higher  than  the  target).  The  values  of 
^4^^m  the  transition  between  where  the  stem  is  lower  than  the  target  height  and 

where  the  stem  is  much  higher  than  the  target  height;  i.  e.  ,  from  about  0.  7  p^  to  nearly  1.0 


Impulse 

An  examination  of  the  net  translational  impulse  should  summarize  the  extent  of  the 
zenith  angle  on  the  blast  loading  of  a  structure.  Figure  41  shows  the  variations  of  the  net 
translational  total  impulse  (I^  -  I^)  versus  apparent  zenith  angle  for  targets  of  each  length. 
Because  of  differences  in  overpressure  due  to  differences  in  heights  of  burst  for  random  pres¬ 
sure  variations,  the  plot  has  been  normalized  by  dividing  by  the  total  incident  impulse  which 
was  an  average  of  the  impulses  of  the  three  incident  pressure  gauges.  The  net  translational 
impulse  for  a  variety  of  structure  lengths  and  zenith  angles  can  thus  be  interpolated  from 
the  figure. 
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CH  IX  --  CONCLUSIONS  AND  RECOMMENDATIONS 


The  data  presented  herein  indicate,  within  the  scope  of  the  parameters  investigated, 
in  what  ranges  of  zenith  angle  and  shock  strength  deviations  from  theoretical  prediction  are 
significant  for  the  front  and  top  pressure  ratios.  Further,  these  data  are  applicable  to  multi¬ 
story  structures  over  a  wide  range  of  conditions.  Specifically  it  may  be  concluded  that: 

1.  Front-surface  peak  average  pressures  predicted  from  theory  may  j 

be  overestimated  by  nearly  50  percent  for  small  angle  and  strong 
shocks.  However,  the  variation  between  theory  and  these  data  de¬ 
creases  with  increasing  angles  and/or  decreasing  shock  strengths. 

This  variation  is  insignificant  for  the  larger  zenith  angles  and 
weaker  shocks. 

2.  Top-surface  peak  average  pressures  as  measured  do  not  signifi¬ 
cantly  vary  from  predictions  except  for  strong  shocks  and/or 
large  zenith  angles. 

3.  Predicted  times  for  the  occurrence  of  maximum  average  pressure 
on  the  rear  face  are  in  good  agreement  with  measured  times  on 
the  two-dimensional  targets,  but  both  this  time  and  the  peak 
average  pressure  are  dependent  upon  target  length  for  three- 
dimensional  targets. 

4.  Shortening  of  the  positive-phase  duration  on  the  front  face  in  the 
regular  reflection  region  occurs  in  a  manner  similar  to  the 
shortening  observed  in  the  Mach  reflection  region.  This  short¬ 
ening  is  dependent  upon  zenith  angle  and  the  ratio  Ut^/h. 

5.  Peak  average  pressure  on  the  front  surface  in  the  region  where 
the  Mach-stem  height  is  more  than  about  0.  41  times  the  target 
height  is  essentially  independent  of  target  length.  However, 
peak  average  pressure  on  the  top  surface  remains  a  function  of 
Mach-stem  height,  at  least  up  to  Mach-stem  height  1.6  times 
the  target  heights. 
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It  is  recommended  that  no  continuation  of  this  work  be  considered  unless  time  resolution 
and  gauge  response  is  adequate  to  provide  scaling  to  a  1 -story  structure  subjected  to  blast 
from  a  300-kt  weapon.  While  larger  yields  are  probable,  it  is  unlikely  they  will  have  heights 
of  burst  sufficient  to  make  zenith  angle  a  significant  variable. 
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APPENDIX  A 


SAMPLE  AVERAGE  PRESSURE-TIME  CURVES 

Sample  plots  of  the  average  pressure-time  curves  are  shown  in  Figures  A-1  through 
A-8.  The  plots  were  constructed  by  measuring  the  average  pressure  on  a  given  surface  from 
pressure  profiles  for  each  target  surface  at  successive  time  intervals.  The  resulting  plots 
give  the  average  pressure  acting  on  a  surface  as  a  function  of  time. 

The  curves  presented  in  this  appendix  represent  the  18-foot  target  at  each  zenith  angle 
used.  All  plots  are  for  height  of  burst  of  38  feet.  This  height  of  burst  was  chosen  because 
here  the  difference  between  recorded  maximum  pressure  values  and  extrapolations  is  greatest 
and  because  all  targets  experiencing  Mach  reflection  at  larger  zenith  angles  used  the  38-foot 
height  of  burst.  Thus  Figures  A-1  through  A-8  show  the  average  pressure-time  relationships 
for  each  surface  on  the  target  and  for  the  free-field  overpressure  for  each  value  of  zenith 
angle. 
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Figure  A-3.  Average  pressure-time  plot  for  shot  Z-17 
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Figure  A-6.  Average  pressure-time  plot  for  shot  Z-26 
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Figure  A- 7.  Average  pressure-time  plot  for  shot  Z-24 
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Figure  A- 8.  Average  pressure-time  plot  for  shot  Z-25 
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